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Description

TECHNICAL FIELD

[0001] A process is disclosed for the recovery of a metal selected from copper and precious metals from copper and/or
precious metal containing materials. The process may be used to recover metals from ores, ore concentrates or tailings,
or from other metal containing materials including jewellery, electronic scrap and other scrap materials. The process
may be particularly used in the context of leaching low grade ores, ore concentrates or tailings in an in-situ or heap leach
approach.
[0002] As used herein, the term "precious metal" means gold, silver and the platinum group metals: ruthenium, rhodium,
palladium, osmium, iridium, and platinum. However, of these precious metals, the process is particularly applicable to
the recovery of gold and/or silver, and discussion will therefore focus on these two precious metals.

BACKGROUND ART

[0003] The recovery of copper and/or precious metals is routinely conducted by hydrometallurgical processes. Different
types of reagents have been used to leach copper and/or precious metals. Many of those reagents have disadvantageous
properties, such as toxicity, expense, lack of selectivity and low extraction rates, as is discussed in detail below.

Precious Metals

[0004] In the leaching of precious metals such as gold and/or silver, lixiviants include cyanide, thiosulfate, thiocyanate,
halides and halogens (such as chlorides, bromides and iodides and chlorine, bromine and iodine) and thiourea. Of these,
cyanide remains the predominant reagent that is applied on an industrial scale for gold and gold-silver ores, although
copper ammoniacal thiosulphate systems have been implemented at some gold mining and processing sites at an
industrial scale as of 2012. Halides (chlorine and chlorides in particular) are often used in the final refining of impure
bullion and doré (gold-silver alloy). In addition, highly poisonous and environmentally hazardous metallic mercury is
often still used by many artisanal miners. Despite being a robust leaching reagent (lixiviant), sodium cyanide, and
cyanides of other alkali (such as potassium) metals and alkali earth metals (such as calcium), all referred to as "Cyanide",
use poses a number of challenges, principally due to its toxicity, regulatory restrictions, high carbon footprint and low
selectivity in low grade ores. It is particularly problematic for gold ores with high copper and/or high silver content as
copper is often present at levels of around 1000 times the gold concentration (silver often 5-50 times gold concentration),
leading to excessive cyanide consumption, and removal of available cyanide for gold leaching. Cyanide is also an
expensive reagent so that using it for lower value metals such as copper (and less so, for silver) quickly becomes
uneconomic, not only for leaching, but also due to downstream impacts (eg, competition with gold during adsorption
onto activated carbon, elution and waste treatment). In addition it generates weak acid dissociable (WAD) cyanides
which require cyanide detoxification/destruction or recovery processes.
[0005] The current alternative lixiviants to cyanide also pose many challenges. Despite sodium thiosulphate being the
main contender as a lixiviant for gold, it is expensive, it requires additional copper (as Cu2+) as an oxidant (if not already
present in the gold ore) and volatile and noxious ammonia to stabilise the leaching system. It is applicable to only a
limited number of gold ores. Further, it cannot economically be produced at site, it requires complex downstream sep-
aration and it is not biodegradable.
[0006] The key challenges of alternative inorganic lixiviants are set out below:

Lixiviant Detractors

Sodium thiocyanate in acid media Poor solubility of silver often associated with gold.
Corrosion due to acid environment

Toxicity
Very stable (poorly biodegradable)
Cannot be produced on site

Thiourea Carcinogen and toxic.
Expensive
Dangerous to the environment
Cannot be produced on site.
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Copper

[0007] Currently, more than 20% of world copper production is produced by using hydrometallurgical processes,
particularly by acidic heap leach (or heap bioleach)-solvent extraction-electrowinning processes for low grade ores.
[0008] The presence of copper minerals with gold is known to lead to many challenges during the cyanidation of gold
ores, such as high consumption of cyanide with low gold extraction and undesirable impacts on gold recovery during
the downstream processes. One previous process for the treatment of such ores has focussed on selective leaching of
gold from copper-gold ores with ammonia-cyanide. However, the success of this process is sensitive to the type of ore.
While this process can be effective for treating oxidised ores, it was found that the treatment of transition or sulphidic
ores gave poor gold recovery and required high reagent concentrations. Copper minerals consume about 30 kg/t NaCN
for every 1% of reactive copper present, making conventional cyanidation of copper-gold ores or concentrates uneco-
nomic. Moreover, both cyanide and ammonia have detrimental environmental effects.
[0009] Of the copper sulphide minerals, chalcopyrite is the most refractory to leaching in acidic media (sulphuric acid,
on its own or in conjunction with hydrochloric or nitric acids, or associated with bioleaching) which is the conventional
hydrometallurgical process to extract copper, and poor copper recovery is the norm with elevated temperatures being
required for acceptable copper extraction. Various passivation layers have been noted to form depending on the leach
conditions, which slows the leach reaction significantly, or stops the reaction from proceeding, depending on the surface
nature of chalcopyrite and the particular chemical leach conditions used. In gold-copper ores, slow leaching chalcopyrite
contributes to cyanide consumption and, in some cases, occlusion of gold.
[0010] "FENG, D. et al., ’The role of amino acids in the thiosulphate leaching of gold’, MINERALS ENGINEERING,
12 April 2011, vol. 24, no. 9, pages 1022-1024", in short, "Feng" is about thiosulphate leaching and teaches that amino
acids formesmore stable complexes with cupric ions than does ammonia, resulting In lower thiosulphate consumption
due to reduced interaction between thiosulphate and the copper complexes.
[0011] WO 2010/121317 A1 relates to a method and system for extraction of gold from gold concentrates involving
dissolving the gold in an aqueous liquor, electrowinning to provide cathode associated gold concentrates and processing
the concentrates.
[0012] CA 2 648 491 A1 relates to a method for recovery of precious metals from aqueous solution. CA 2 648 491 A1
describes a method for recovering precious metal in solid form from an aqueous solution containing precious metal ions.
The method has the steps of combining an aqueous solution containing precious metal ions of about pH 7 or higher with
ferrous ions, and collecting solid containing precious metal.
[0013] In US 3 865 580A Copper is recovered from native sources, and scrap sources, by accelerated solution thereof
into ammonia plus ammonium carbonate solution with a catalyst which oxidizes copper from copper metal to the cuprous
and from the cuprous to the cupric state, the catalyst being chelated iron, which is returned to its effective ferric catalytic
state, and maintained in solution as a chelate by the oxidation of the medium in which the solution takes place.
[0014] There are a number of large copper-gold mines in Australia and the Asia-Pacific region. These plants produce
copper-gold concentrates and ship them for copper smelting and gold recovery from anode slimes (e.g. Telfer, Mt Carlton,
Boddington and Cadia Valley, etc.). However, the increase of gold bearing-pyrite and gold bearing-arsenian pyrite content
in the copper ores results in the production of low grade copper concentrate. In addition, the presence of arsenic limits
of the flotation mass pull of chalcopyrite rich concentrates, so that a significant portion of the gold has to be recovered
by gravity and leaching of the flotation tails. The transportation of the low grade concentrate overseas is often uneco-
nomical. Therefore, an alternative process would be useful for recovering copper and/or gold from such a low-grade or
difficult ores.
[0015] There is accordingly a need for an alternative metal recovery process that uses cheap and environmentally
benign lixiviants for precious metal and/or copper recovery. There is also a need for an environmentally friendly recovery
process with low (operating and capital) cost as an alternative extraction method for copper and/or precious metals.
There is also a need for an environmentally friendly recovery process can be used to leach copper and/or gold and/or

(continued)

Lixiviant Detractors

Halides (chloride-bromide-iodide) Limited to gold in flotation concentrate rather than low grade ore.
Corrosion and high capital costs
Poor selectivity (mobilisation of most metals).
Poor solubility of other precious metals such as silver.
Not biodegradable.
Damaging to the environment.
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silver through in-situ leaching, in place leaching, heap leaching or vat leaching of either ore or mineral concentrates.
There is a further need for an efficient and environmentally friendly process for selectively recovering copper from
copper/precious metal ores and ore concentrates.

SUMMARY OF THE DISCLOSURE

[0016] According to the present disclosure, there is provided a process according to claim 1 or 11.
[0017] The process may comprise leaching of copper from a copper containing material.
[0018] Alternatively, the process may comprise leaching of copper from a copper and precious metal containing
material.
[0019] Alternatively, the process may comprise leaching of copper and a precious metal from a copper and precious
metal containing material.
[0020] Alternatively, the process may comprise leaching of precious metal from a copper and precious metal containing
material.
[0021] Alternatively, the process may comprise leaching of precious metal from a precious metal containing material.
[0022] The present disclosure also provides an alkaline leaching solution for use in the above process comprising an
amino acid and/or derivative thereof, and having a pH of at least 9. In an embodiment, the pH is at least 10.
[0023] The alkaline species in the lixiviant may comprise one or more of slaked lime (calcium hydroxide), caustic soda
(sodium hydroxide), caustic potash (potassium hydroxide), soda ash (sodium carbonate) or ammonia/ammonium hy-
droxide.
[0024] The alkaline lixiviant may contain an oxidant. The presence of an oxidant has been found to be particularly
advantageous when the process is used for the recovery of a precious metal. The oxidant may be an oxidising gas,
such as oxygen or air, or a peroxide, such as hydrogen peroxide and/or calcium peroxide, or other oxidants such as
manganese dioxide.
[0025] In an embodiment, the metal containing material comprises ores, concentrates or tailings. The ore or concentrate
may be one or more of oxidised, sulfidic or carbonaceous gold ore. The ore may be high or low grade.
[0026] In an embodiment, the process is used to recover metals from a low grade ore or ore concentrate.
[0027] While the following discussion will focus on the use of the process for recovering metals from ores, concentrates
or tailings, it is to be understood that the process is not limited to such use and can be used to recover metals from other
sources such as recycled materials, powders, electronic scrap, jewellery, scrap etc.
[0028] As previously noted, the main lixiviants in the leach solution are environmentally friendly reagents, such as
amino acids optionally together with an oxidant such as hydrogen peroxide.
[0029] The lixiviant includes one or more amino acids or derivatives thereof. The amino acid may comprise an alpha
amino acid. The amino acid may comprise one or more of Glycine, Histidine, Valine, Alanine, Phenylalanine, Cysteine,
Aspartic Acid, Glutamic Acid, Lysine Methionine, Serine, Threonine, and Tyrosine.
[0030] In one embodiment, the amino acid is glycine. Glycine is a simple amino acid that is easy and cheap to produce
on an industrial scale. Glycine has a number of advantages over many other lixiviants: it is an environmentally safe and
stable reagent, yet it is enzymatically destructible and is easily metabolised in most living organisms. Due to its complexing
action, glycine can also enhance the respective solubilities of precious metals and copper in aqueous solutions Glycine
is presently produced at similar levels, at a price comparable to, or cheaper than, sodium cyanide. Without wishing to
be limited to theory, it is believed that Glycine forms a strong complex with gold(I) as Au(H2NCH2COO)2- and with
copper(I) as Cu(H2NCH2COO)2

- . The stability constant of gold with glycine at pH 9 is 18.0 and of copper with glycine
at pH 9 is 18.9.
[0031] The amino acid derivative may comprise a peptide, such as a di- or tri-peptide.
[0032] In another embodiment, the leachant comprises a combination of two or more amino acids. The combination
of amino acids may comprise glycine and one or more other amino acids. For example, the combination may comprise
glycine and histidine.
[0033] The amino acid may be produced via bacteria or though abiotic processes. It may be sourced through normal
commercial channels or produced on site. If produced on site, the amino acid may be produced either singly or in
combination at the ore processing site from an appropriate nutrient medium by a range of microorganisms and bacteria,
such as (but not limited to):

• Achromobacter paradoxus
• Aeromonas hydrophila
• Aeromonas sp.
• Bacillus circulans
• Bacillus megaterium
• Bacillus mesentericus
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• Bacillus polymyxa
• Bacillus subtillis
• Bacillus sp.
• Candida sp.
• Chromobacterium flavum
• Penicillium sp.
• Pseudomonas aerginosa
• Pseudomonas liquefaciens
• Pseudomonas putida
• Pseudomonas sp.
• Sarcina flava

[0034] The concentration of amino acid in the leaching solution may be at least 0.01 M, such as a minimum of 0.1 M.
In an embodiment, the concentration is a maximum of 2 M. The concentration will depend on the particular leaching
environment. For example, in a heap leach application, the concentration may be a minimum of 0.01M. In a heap leach
application, the maximum may be 0.1 M. In another embodiment, such as in a tank leaching application, the concentration
may be a maximum of 1 M. In another embodiment of the process, the concentration of amino acid may be from 0.5 to 1M.
[0035] It has been found that the leaching of metals using amino acids may be enhanced in the presence of an oxidant
in an alkaline medium. It has been found that an oxidant can slightly increase copper dissolution but it has a more
pronounced effect on precious metal dissolution.
[0036] In an embodiment, the oxidant is oxygen-containing, such as hydrogen peroxide or an oxygen containing gas.
Other oxidants that may be considered are manganese dioxide, potassium permanganate, or calcium peroxide. However,
other oxidants (other than pure oxygen or hydrogen peroxide) can be environmentally hazardous and can introduce new
undesirable metallic species.
[0037] Hydrogen peroxide has been found to be particularly effective due to its low cost and environmentally benign
properties (it decomposes to water). Its solubility is also relatively stable up to the elevated temperatures of the process,
as compared with an oxygen containing gas (such as O2 or air). The amount of peroxide in solution may be at least
0.005wt%, such as 0.5wt% or greater. Again, the amount of peroxide used will depend on the leaching environment:
e.g., a minimum of 1wt% hydrogen peroxide may be suitable for tank leach, and a minimum of 0.1wt% for heap leach
operations. The amount will also depend on the metal being leached. As mentioned, the presence of an oxidant such
as H2O2 may slightly increase the solubility of copper. However, an oxidant has a greater effect of the solubility of
precious metal and generally, the higher the concentration of peroxide, the greater is the amount of precious metal
dissolution. A suitable upper limit of peroxide may be 5wt%. In an embodiment, the maximum peroxide concentration
is 1%. Solutions will typically be made up from 30 wt% aqueous industrial solution which is readily available.
[0038] The pH of leach solution or slurry is alkaline. It may have a pH within a wide range between pH 6 to 13. Alkalis
such as sodium hydroxide or slaked lime may be used to adjust the leaching solution’s pH if required. In an embodiment,
the pH is above 10. In another embodiment, the pH is 11 or higher.
[0039] The process of the disclosure may be conducted over a wide range of conditions, such as pH and Eh. This
makes the process robust for heap or in-situ leaching and even for tank leaching.
[0040] The leachant may further include a leaching catalyst. In the case of leaching precious metals, the catalyst may
comprise cupric (copper(II)) species. The cupric species enhance /accelerate the leaching of precious metals with amino
acids. The cupric species may already be present as copper minerals in the ore. For precious metal ores that do not
already contain copper, cupric species may be added to enhance leach rates.
[0041] Copper (II) may be used (or be present) in concentrations of 1 mM or higher. The cupric concentration may be
up to 10 mM. In an embodiment, the cupric concentration is up to 5 mM. The cupric species perform the role of a catalyst,
as opposed to an oxidant, as in thiosulphate leaching processes. Accordingly, cupric species are not consumed in the
present process.
[0042] The process may be carried out at ambient temperature or at a temperature above ambient temperature. The
process may be effectively conducted at ambient temperature when used to recover copper. The process may be
conducted at an elevated temperature when used to recover precious metals. An elevated temperature has been found
to be particularly advantageous when the process is used for the recovery of a precious metal.
[0043] Where the temperature is elevated, the temperature may be a minimum of 30°C, such as at least 40 °C. The
maximum temperature may be the boiling point of the solution. In an embodiment the process may be conducted at a
temperature up to 75 °C. It has been found that good leaching results are obtained at a temperature up to 60°C. The
leach solution may be heated to the desired temperature using a combination of, or either of, conventional process heat
exchange and solar heating of the process liquors.
[0044] Where the process is used to recover both copper and precious metals from a material containing them, a
multi-stage (e.g. 2-stage) differential leaching process may be used that exploits differences in the respective recovery
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conditions for both metal types. The differences in respective recovery conditions may comprise different temperatures
and/or the presence of an oxidant. In one embodiment of such a differential leaching process, copper can be leached
at ambient temperature and the precious metals can then be leached at elevated temperature. In another embodiment,
copper can be leached in the absence of hydrogen peroxide addition, then the precious metals can be leached after
addition of hydrogen peroxide.
[0045] In the case where precious metals are not present, and differential dissolution is not important, elevated tem-
peratures may enhance copper leach rates from ores or concentrates.
[0046] The process may include constructing a heap comprising the ore and/or concentrate, then applying the leachant
to the heap. The leachant may be applied to a heap by drip, subsurface injection, or spray irrigation.
[0047] Alternatively, the leachant may be injected into pre-blasted rock under pressure for in-situ or in-place leaching,
or in vats, or in agitated tanks. As used herein, "in-situ" leaching refers to leaching using the natural porosity of the rock.
For "in-place" leaching, the porosity is enhanced through controlled blasting, or fluid cracking or other means.
[0048] The metal is subsequently extracted from the leachate. Extraction results in a purified and concentrated form
of the metal/s. Extraction may be by way of adsorption such as by carbon-in-pulp (CIP), carbon-in-leach (CIL), carbon
in column (CIC), cementation (eg, onto zinc dust), or by ion exchange (Resin-in-leach (RIL), Resin-in-pulp (RIP) and
Resin-in-Column (RIC)). Alternatively, the metal may be extracted by solvent extraction.
[0049] In the case of extracting precious metals, the precious metal complexes adsorb well onto granular activated
carbon. Leach adsorption combinations such as carbon-in-pulp and carbon-in-leach may be applied to single or mixed
amino acid systems. In the case of using the adsorption process, a suitable gold elution process may be adopted to
achieve high elution efficiency. Carbon based adsorption systems fall within the experience range of nearly all cyanide
based gold mining and processing operations, thereby making the present process compatible with existing gold ex-
traction techniques.
[0050] The inventors have found that the amino acid- precious metal complex successfully loads on to activated carbon
from leachates with or without the leach catalyst. In the case of copper recovery from solution, this can occur via solvent
extraction or ion exchange, followed by electrowinning,
[0051] Accordingly, in a first aspect, there is provided a process for recovery of precious metal from a precious metal
containing material, including the steps of:

• leaching the precious metal containing material with an alkaline lixiviant containing an oxidant and an amino acid
or derivative thereof at an elevated temperature in order to produce a precious metal containing leachate; and

• extracting the precious metal from the leachate.

[0052] In an embodiment of the first aspect of the process, the recovery of precious metals includes the following steps:

• the amino acid is dissolved into an aqueous solution and added to an aqueous leach solution or slurry;
• relevant amounts of an oxidant or oxidants (such as peroxide) is/are added to the leach solution;
• the leach pH is adjusted in the range between pH 6 to pH 13, preferably at least pH 11;
• the leach solution is heated up in the range of 30 °C to 100 °C, preferably 40°C to 60 °C;
• the leach time may be in the range of 5 days to 30 days or more;

[0053] At the end of the leach period, a leach slurry or leachate is filtered and the solid residue may be washed under
filtration several times to remove any dissolved metal ions from tails. The leachate is treated with activated carbon to
extract the precious metals.
[0054] In an embodiment of the first aspect, a low cost and environmentally friendly hydrometallurgical process is
disclosed for directly leaching precious metals from low-grade ores and/or waste rock stockpiles, thereby lowering
economic cut-off grades to increase the proportion of resource that can be classified as reserve.
[0055] Potential advantages of the first aspect of the disclosed process are the reduction or elimination of one or more
of the following: (1) milling cost, (2) pre-concentration cost, (3) use of complex agitation leach tanks (in the case of heap
leaching and in situ leaching), (4) overall energy consumption (from mine to metal in the case of heap leaching and in
situ leaching), (5) use of toxic and dangerous reagents, (6) environmental impact of toxic heavy metals mobilised as
weak acid dissociable (WAD) cyanides, and (7) carbon footprint, (8) processing complexity (compared to alternative
lixiviants) and (9) chemical complexity (thereby reducing unwanted by-products and chemical intermediates). Other
advantages include (10) low reagent cost, (11) potential for at-site production (for mixed amino acids by micro-organisms),
(12) large bulk availability for simple amino acids, e.g. glycine, (13) legal accessibility (not regulated chemicals), (14)
ability to perform targeted biological destruction, or (15) to recycle and reuse reagents, (16) potential to use for a variety
of precious metals, (17) high solubility of amino acids and their metal complexes in water, allowing the intensification of
the process to smaller equipment sizes.
[0056] In a second aspect, there is provided a process for recovery of copper from a copper containing material,
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including the steps of:

• leaching the copper containing material with an alkaline lixiviant containing an amino acid or derivative thereof in
order to produce a copper containing leachate; and

• extracting the copper from the leachate.

[0057] An embodiment of the second aspect may be used to conduct selective copper leaching from a copper-precious
metal ore or ore concentrate. It may be used to selectively leach copper from a copper-gold ore concentrate, followed
by gold leaching (after optional washing of the residue) either using the first aspect of the process at elevated temperature
(40-60 °C), or by using another gold recovery process (eg, cyanidation). Copper selective leaching will reduce the gold
losses due to a cementation mechanism of gold in the presence of metallic copper as all of the metallic copper will
dissolve in the pre-leaching stage.
[0058] An advantage of the second aspect is that it can address a persisting challenge in the copper and copper-gold
processing, i.e. finding an appropriate lixiviant with lower environmental and safety risks for heap, dump, in-situ and vat
leaching operations, which are slow leaching operations open to the surrounding environment. Alternatively, it may also
be implemented in a counter-current decantation (CCD) circuit, allowing for sufficient residence time.
[0059] Potential advantages of the second aspect include:

1. Copper can be selectively leached over gold in glycine-peroxide solution. In one embodiment, about 98% of
copper present in a gold-copper concentrate was leached in 48 hours in two stages.
2. 100% of chalcocite, cuprite, metallic copper, and about 80% of chalcopyrite can be dissolved in a glycine-peroxide
lixiviant at ambient temperature.
3. Gangue element dissolution, in particular that of iron (eg derived from pyrite), is minimal compared to conventional
sulphuric acid based leaching.
4. While copper extraction typically increases by increasing the concentrations of amino acid and oxidant (e.g.,
peroxide,oxygen or air), it was found that amino acid can effectively leach some copper minerals in the absence of
deliberate addition of an oxidant
5. Given that the leaching process is conducted under an alkaline leaching condition, the final residue can be directly
leached by the cyanidation process, if required or preferred.
6. The cyanide-soluble fraction of the copper minerals has been significantly reduced, thereby having a large impact
on downstream cyanide consumption during the subsequent leaching of gold. The alkaline leaching of the copper
minerals also implies that no swing in pH (as for a conventional acid leach) is required that would increase caustic
requirements downstream.
7. The alkaline amino acid system is particularly suitable for copper deposits with significant proportion of acid
consuming minerals such as calcite, trona, dolomite or other carbonate-based minerals, which often precludes the
conventional acidic extraction processes.

[0060] Further advantages of the second aspect are similar to those of the first aspect, namely, reduction or elimination
of one or more of the following: (1) milling cost, (2) pre-concentration cost, (3) use of complex agitation leach tanks (in
the case of heap leaching and in situ leaching), (4) overall energy consumption (from mine to metal in the case of heap
leaching and in situ leaching), (5) use of toxic and dangerous reagents, (6) environmental impact of toxic heavy metals
mobilised as weak acid dissociable (WAD) cyanides, and (7) carbon footprint, (8) processing complexity (compared to
alternative lixiviants) and (9) chemical complexity (thereby reducing unwanted by-products and chemical intermediates).
Other advantages include (10) low reagent cost, (11) potential for at-site production (for mixed amino acids by micro-
organisms), (12) large bulk availability for simple amino acids, e.g. glycine, (13) legal accessibility (not regulated chem-
icals), (14) ability to perform targeted biological destruction, or (15) to recycle and reuse reagents, (16) high solubility of
amino acids and their metal complexes in water, allowing the intensification of the process to smaller equipment sizes.
[0061] In a third aspect, there is provided a differential leaching process for recovery of copper and precious metal
from a copper and precious metal containing material, including the steps of:

• leaching the copper and precious metal containing material with an alkaline lixiviant containing an amino acid or
derivative thereof under first conditions in order to produce a copper containing leachate and precious metal con-
taining residue;

• leaching the precious metal containing residue with an alkaline lixiviant containing an amino acid or derivative thereof
under second conditions in order to produce a precious metal containing leachate;

• extracting the copper from the copper containing leachate; and
• extracting the precious metal from the precious metal containing leachate.
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[0062] The first and second conditions may involve differences in respective recovery conditions. Those differences
may comprise different temperatures and/or the presence or absence of an oxidant. In one embodiment of such a
differential leaching process, copper can be leached at ambient temperature and the precious metals can then be leached
at elevated temperature. In another embodiment, copper can be leached in the absence of hydrogen peroxide addition
(but with aeration), then the precious metals can be leached after addition of hydrogen peroxide.

BRIEF DESCRIPTION OF THE DRAWINGS

[0063] Notwithstanding any other forms which may fall within the scope of the apparatus and method as set forth in
the Summary, specific embodiments will now be described, by way of example only, with reference to the accompanying
drawings in which:

Figure 1 is a graph showing the gold concentrations in leach solution at different leaching time (pH 10, Temperature
60 °C, 1% peroxide and 1M Glycine).

Figure 2 is a graph showing gold dissolution in solutions containing different glycine concentrations and 1% hydrogen
peroxide at pH 10 and temperature of 60 °C.

Figure 3 is a Plot of Log (Δ[Au]c/ [Au]s) against Log t for pregnant solution after leaching for 15 days ( Loading time
4 hours, Carbon 1.466 g/L).

Figure 4 is a graph showing the effect of amino acids type on gold dissolution: 0.05M amino acid, 1% H2O2, pH 11,
at 60 °C.

Figure 5 is a graph showing the effect of amino acids mix on gold dissolution: 0.1M amino acid, 1% H2O2, pH 11,
at 60 °C.

Figure 6 is a graph showing the plot of Log (Δ[Au]c/ [Au]s) against Log t for pregnant solution after leaching ( Loading
time 23 hours, Carbon 1.55 g/L).

Figure 7 is a graph showing the effect of silver on gold dissolution: 1M glycine, 1% H2O2, pH 10, 60 °C.

Figure 8 is a graph showing the effect of temperature on gold dissolution: 1M glycine, 1% H2O2, pH 10, at different
temperatures.

Figure 9 is a graph showing the effect of temperature on gold dissolution: 0.1 M glycine, 1% H2O2, initial pH 11.5,
at different temperatures.

Figure 10 is a graph showing effect of temperature on gold dissolution rate over leaching time: 0.1M glycine, 1%
H2O2, initial pH 11.5, at different temperatures.

Figure 11 is a graph showing the effect of hydrogen peroxide concentration on the measured Eh of the leach solution:
0.1M glycine, different percentages of H2O2, pH 11.5, 60 °C.

Figure 12 is a graph showing the effect of hydrogen peroxide concentration on gold dissolution: 0.1M glycine, different
percentages of H2O2, pH 11.5, 60 °C.

Figure 13 is a graph showing the effect of leaching solution pH on gold dissolution: 0.5M glycine, 1% H2O2, pH, at 60 °C.

Figure 14 is a graph showing the effect of leaching solution pH on gold dissolution: 0.1M glycine, 1% H2O2, pH, at 60 °C.

Figure 15 is a graph showing the effect of Cu2+ ions on gold dissolution: 0.1M glycine, 0.1% H2O2, pH 11, at 30 °C.

Figure 16 is a graph showing the effect of Cu2+ ions on gold dissolution: 0.1M glycine, 0.3% H2O2, 4 mM Cu2+, pH
11.9 and 30 °C.

Figure 17 is a graph showing the effect of pyrite on gold dissolution from glycine-peroxide solutions: 0.1M amino
acid, 1% H2O2, pH 11, at 60 °C.
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Figure 18 is a graph showing gold dissolutions in recycled barren solutions containing initially 1M glycine and 1%
peroxide at 60 °C and pH 10.

Figure 19 is a graph showing gold dissolutions in fresh and aged solutions containing initially 1M glycine and 1%
peroxide at 60 °C and pH 10.

Figure 20 is a graph showing gold leaching rates in solutions containing initially 1M glycine and 1% peroxide at 60
°C and pH 10.

Figure 21 is a graph showing gold concentration in solution containing 1M glycine, 1% peroxide, 5mM Cu(II) at 40
°C and pH 10.

Figure 22 is a graph showing gold leach rate in solution containing 1M glycine, 1% peroxide, 5mM Cu(II) at 40 °C
and pH 10.

Figure 23 is a graph showing Log (Δ[Au]c/ [Au]s) against Log t for pregnant solution after leaching for 15 days
( Loading time 4 hours, Carbon 1.466 g/L).

Figure 24 is a graph showing mass% of Copper minerals in a copper concentrate before and after leaching in glycine
solutions (Leaching conditions: two-stages, 0.3 M glycine, 1% peroxide, room temperature, pH 11, 48
hours).

Figure 25 is a schematic diagram for two-stage counter-current copper leach process.

Figure 26 is a graph showing copper extraction (%) against leaching time (hours) from Cu-Au concentrate after two-
stages leaching.

Figure 27 is a graph showing mass% of copper minerals in a copper concentrate before and after leaching in glycine
solutions (Leaching conditions: one-stage, 0.4 M glycine, 1% peroxide, room temperature, pH 11.5, 96
hours).

Figure 28 is a graph showing copper extraction (%) against leaching time (hours) at different solution pHs (0.3M
glycine, 1% H2O2, room temperature).

Figure 29 is a graph showing copper extraction (%) against leaching time (hours) at different peroxide concentrations
(0.3M glycine, pH 11, room temperature, 10% pulp density).

Figure 30 is a graph showing copper extraction (%) against leaching time (hours) at different pulp densities (0.3M
glycine, 1% H2O2, pH 11, room temperature).

Figure 31 is a graph showing copper extraction (%) against leaching time (hours) at different glycine concentrations
(1% H2O2, pH 11, room temperature, 10% pulp density).

EXAMPLES

[0064] Non-limiting Examples of a process for recovery of copper or precious metal from a copper and/or precious
metal containing material will now be described.

Examples 1 to 15: Recovery of Precious Metal

[0065] All of Examples 1 to 15 were carried out using solutions prepared from either analytical grade or synthesized
reagents and Millipore water. Unless specified, all Examples were conducted using magnetic stirrers and Teflon coated
magnetic stirrer bars. The gold and/or silver was added to a solution of amino acid and peroxide in a beaker and heated
to the required temperature while stirring. Gold and gold-silver sheets used in all the examples were made from 99.99
% pure gold and silver. Before each experiment, the surface of the each sheet was polished with Struers waterproof
silicon carbide paper (FEPA P#2400). Finally the gold sheet was washed with distilled water and allowed to dry.
[0066] For testing the carbon activity to adsorb gold-glycine complex, unless specified, 1.5 g/L of fresh carbon
(-2.36+2mm) was added into the pregnant solutions after leaching. The adsorption experiments have been conducted
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at room temperature at rotation speed of 150 rpm. In order to evaluate the gold adsorption on carbon, sub-samples were
taken at different time intervals and then diluted with aqueous sodium cyanide before being analysed using ICP-OES.

Example 1.

[0067] In Example 1, a solution containing 1M of the amino acid: glycine, and 1% of the oxidant, hydrogen peroxide,
was used to dissolve pure metallic gold (as gold wire and gold foils) at a temperature of 60 °C. Figure 1 shows the
amount of gold dissolved in solution (400mL) containing 1M of glycine and 1% of peroxide over leaching time. It can be
seen that gold dissolves under these conditions in reasonable amounts of up to 18 mg/L in 280 hours. In this example,
lower reagents concentrations (0.1-0.4 M glycine), lower temperature (i.e. 40 °C) and natural pH of the solution (about
pH 6) were also shown to be effective.

Example 2: Effect of Glycine Concentration

[0068] The kinetics of gold dissolution in solutions containing different glycine concentrations and 1% hydrogen per-
oxide at pH 10 and temperature of 60 °C was studied and the results are plotted in Figure 2. It can be seen from the
results shown in Figure 2 that, under the conditions of this Example, gold dissolution increases by increasing the glycine
concentration up to 1M. Table 1 shows the gold leach rate at different glycine concentrations.

[0069] The gold leaching rate in glycine-peroxide system as shown in Table 1 can be significantly higher than the
rates using thiosulfate-ferric oxalate and ferric EDTA systems in the absence of thiourea.

Example 3: Gold-Glycinate Complex Adsorption on Carbon

[0070] One of the considerations for an alternative to cyanide-based leaching of gold is the strength of adsorption of
the leached gold on activated carbon. Therefore, it is appropriate to examine the ability of activated carbon to adsorb
gold-glycine complex from the leach solution particularly from an industrial application perspective.
[0071] Following some of the kinetic leach experiments, different amounts of fresh carbon were added into the pregnant
leach solutions. Sub-samples from different adsorption tests were taken at different intervals and analysed by ICP-OES.
The kinetics of gold and silver adsorption onto activated carbon have been evaluated by the determination of the carbon
activity constant using Equation (1): 

delta [Au or Ag]c= change in [Au or Ag] on carbon from t=0 to t=t hours; [Au or Ag]s = [Au or Ag] in solution at t=t hours;
n = an experimentally derived constant for the slope of the above equation; and k = an empirical rate constant at t =1 hour;
[0072] The adsorbed gold and silver on carbon and the amounts of metals in solutions have been calculated and
presented in Tables 2, 3, and 4.
[0073] Figure 3 also shows the plot of Log (Δ[Au]c/ [Au]s) against (Log t) for the data shown in Table 3. The adsorption
experiments showed that the gold-glycine complex using the process of the disclosure is adsorbed onto the activated
carbon in a rate similar or even higher than gold-cyanide complex.
[0074] It can also be seen from the data shown in Tables 3 and 4 that the silver-glycinate complex is less well adsorbed
on the activated carbon and the presence of silver enhances gold loading on carbon.

Table 1. Gold leach rate at different glycine concentrations: Glycine, 1% H2O2, pH 10, 60 °C.

Glycine, M Au, 103 3 mmol/m2.s

0.30 11.3

0.50 16.9

1.00 31.3
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Example 4: Effect of Amino Acids type

[0075] Glycine, histidine and alanine amino acids have been used to test the effect of amino acid type on gold disso-
lutions. The experiments have been conducted at 0.05 M of amino acids at pH 11 and 60 °C temperature. Figure 4
shows the gold dissolution in different amino acids system. It can be seen that the initial gold dissolution in histidine
solution is faster than glycine and alanine solutions, however, by extending the leaching, it was found glycine dissolves
gold faster and to a greater extent than histidine and alanine.
[0076] To evaluate the effect of amino acid mixtures, a mixture of 0.05 M Glycine and 0.05 M histidine, 1% H2O2, at
pH 11.5 and 60 °C was assessed. Figure 5 shows the effects of using a combination of glycine-histidine solutions and
glycine only on gold dissolution. It is clear that using a mix of glycine and histidine dissolves gold higher than using
glycine only.
[0077] The Kinetics of gold adsorption onto activated carbon from glycine-histidine solutions has been evaluated by
the determination of the carbon activity constant using Equation (2). The adsorbed gold on carbon and the amounts of
metals in solutions have been calculated and presented in Table 5. 

Table 2 Adsorption of gold on activated carbon from pregnant solution after leaching for 456 hours (Solution volume 
350 mL).

Time (min) Time (hr) [Au] (mg/L) Δ [Au]s Δ [Au]c [Au]c/[Au]s Log t log(Δ [Au]c/[A u]s)

0 0.00 15.5

30 0.50 11.6 3.882 2649 229 - 0.301 2.359

60 1.00 9.96 5.504 3701 372 0.000 2.570

120 2.00 8.14 7.321 4852 596 0.301 2.775

240 4.00 6.47 8.993 5872 908 0.602 2.958

Table 3 Adsorption of gold on activated carbon from pregnant solution after leaching a gold/silver alloy for 168 hours 
(Solution volume 380 mL).

Time (min) Time (hrs) [Au] mg/L Δ [Au]s Δ [Au]c [Au]c/[Au]s log t Log (Δ [Au]c /
[Au]s)

0 0.00 38.70

30 0.50 24.60 14.097 6565 267 -0.301 2.426

96 1.60 15.82 22.882 10656 674 0.204 2.828

180 3.00 12.08 26.616 12395 1026 0.477 3.011

240 4.00 10.26 28.435 13242 1290 0.602 3.111

Table 4 Adsorption of silver on activated carbon from pregnant solution after leaching a gold/silver alloy for 168 hours 
(Solution volume 380 mL).

Time (min) Time (hrs) [Ag] mg/L Δ [Ag]s Δ [Ag]c [Ag]c/
[Au]s

Log t log (Δ [Ag]c/
[ Au]s)

0 0.00 56.1

30 0.50 48.1 8.079 3683 77 -0.301 1.884

96 1.60 42.7 13.412 6114 143 0.204 2.156

180 3.00 39.1 17.028 7763 198 0.477 2.298

240 4.00 37.0 19.108 8711 235 0.602 2.371
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[0078] Δ[Au or Ag]c= change in Au or Ag on carbon from t = 0 to t=t hours; [Au or Ag]s = Au or Ag in solution at t=t
hours; n = an experimentally derived constant for the slope of the above equation; and k = an empirical rate constant at
t =1 hour.
[0079] Figure 6 also shows the plot of Log (Δ[Au]c/ [Au]s) against (Log t) for the data shown in Table 5. The adsorption
experiment shows that gold from solution containing glycine-histidine is adsorbed onto the activated carbon. The cal-
culated carbon activity constant was 188 and the gold loading was 5.5 kg Au/ton of carbon. From the data shown in
Table 5 and Figure 6, it can be noticed that gold can be loaded onto carbon from solutions containing a mix of glycine-
histidine solution.

Example 5: Effect of Silver

[0080] To study the effect of silver on gold dissolution, foils (surface area 20 cm2) of pure gold and 50% gold-50%
silver have been leached in the solutions containing glycine and peroxide. Gold and silver dissolution from pure gold
and gold-silver alloy are shown in Figure 7. It can be seen that the presence of silver enhances gold dissolution and
silver dissolves faster than gold in glycine solution.
[0081] Table 6 show the gold and silver leach rate after 168 hours from pure gold and 50% gold-50% silver. It can be
seen that gold leach rate from gold-silver alloy is about 6 times higher than rate from pure gold. Silver leach rate is higher
than gold in glycine-peroxide solutions.

Example 6: Effect of Temperature

[0082] The effect of temperature on gold dissolution is shown in Figures 8, 9 and 10.
[0083] Figure 8 shows the effect of temperature on the kinetics of gold leaching in a solution containing 1M glycine,
1% H2O2, at pH 10. It can be seen that gold dissolution increases dramatically as the temperature increases from 23 to
60 °C.
[0084] Figure 9 shows the effect of temperature on the kinetics of gold leaching at 0.1M glycine concentration at
temperatures of 23, 30, 40, 60 and 75 °C. Clearly, it can be seen that gold dissolution increases dramatically as the
temperature increases. However at high temperature (75 °C) it was found that the initial gold dissolution is faster but
the gold leach rate decreases rapidly.
[0085] Gold leaching is a chemically controlled process in which temperature mostly affects the reaction rate. The
most interesting results shown in Figure 9 that after 264h of leaching at room temperature, gold dissolution rate increased
dramatically once the temperature has been raised to 60 °C.
[0086] Figure 10 illustrates the gold dissolution rates over leaching time at different temperatures. It can be seen that

Table 5 Adsorption of gold on activated carbon from glycine-histidine solutions.

Time (min) Time (hr) [Au] (mg/L) Δ [Au]s Δ [Au]c [Au]c/[Au]s Log t Log (Δ [Au]c/[ Au]s)

0 0 24.084 0.000 0 0

30 0.5 19.143 4.941 2471 129 -0.301 2.111

80 1.33 16.656 7.428 3714 223 0.124 2.348

150 2.5 15.03 9.054 4527 301 0.398 2.479

270 4.5 13.173 10.911 5456 414 0.653 2.617

1380 23 8.34 15.744 7872 944 1.362 2.975

Table 6. Gold and silver leach rates from pure gold and gold-silver alloy: Glycine, 1% H2O2, pH 10, 60 °C.

Au, Ag Source Au, 103 3 mmol/m2.s

Gold from (pure gold sheet) 31.3

Gold (from 50% Au- 50% Ag) 185

Silver (from 50% Au- 50% Ag) 247
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at elevated temperature gold leach rate initially increases then starts to decrease by extending the leaching time. The
average rate of gold dissolution after six days of leaching at 75 °C was 39 3 10-3 mmol/m2.s, which is higher than the
gold leach rate of 2 3 10-3 mmol/m2.s from ferric-thiosulfate system in the absence of thiourea.

Example 7: Effect of Peroxide

[0087] The solution’s pH and Eh over time has been monitored using 90-FLMV meter. Figure 11 shows the Eh profiles
of the glycine-hydrogen peroxide solutions over time at different hydrogen peroxide concentrations. It is clear to see
from the results shown in Figure 12 that the hydrogen peroxide significantly enhanced the gold dissolution. A minimum
of 0.1% peroxide resulted in gold dissolution and increasing the hydrogen peroxide concentration up to 2% peroxide
significantly enhances the gold dissolution.

Example 8: Effect of pH

[0088] The effect of pH (by adding hydroxide ions) on the gold dissolution is shown in Figures 13 and 14. It can be
seen the glycine-peroxide system is very sensitive to the leaching pH and hydroxide ions and it can be seen that gold
dissolution increases significantly by increasing the leaching pH to above pH = 10.
[0089] Figure 13 shows the effect of pH on gold leaching rate in solutions containing 0.5 M glycine and 1% peroxide
at leaching temperature of 60 °C. After only 24 hours of leaching at pH 11, the gold leaching rate was 0.35 mmol/m2.s.
This leaching rate is higher than the gold leaching rate (0.22-0.25 mmol/m2.s) from 100 mM thiosulfate solutions in the
presence of ferric oxidant and thiourea. Table 7 shows the gold leaching rate after different leaching times at pH 5.8,
10 and 11. The data show that gold leach rate at pH 11 is 30 times higher than the rate at pH 10 after 48 hours. However,
it was found that the leach rate decreases by increasing leaching time at pH 11. The initial gold leaching rate at natural
pH of solution (pH -5.8) was faster than leaching at pH and decreased by extended the leaching time.

[0090] The effect of adding hydroxide ions, hence, pH of solutions on the gold dissolution for a solution containing
0.1M glycine, 1% H2O2, at 60 °C is shown in Figure 14. Again, it was found that gold dissolution in glycine-peroxide
solutions is very sensitive to the leaching pH and hydroxide ions. Gold dissolution increases significantly by increasing
the leaching pH to higher alkalinity.
[0091] Gold leaching rate is enhanced at pH higher than 10, preferably higher than 11 in solutions containing 0.1 M
glycine and 1% peroxide at leaching temperature of 60 °C.
[0092] From the results shown in Figure 14, it can be seen that adding some more peroxide into the system enhances
gold dissolution. Table 8 shows the required amounts of caustic in mM to reach the targeted pH.

Table 7. Gold leach rate at different leaching pH: 0.5 M Glycine, 1% H2O2, pH, 60 °C.

Leaching time, hr Au, 103 3 mmol/m2.s

pH 5.8 pH 10 pH 11

24 8.11 0.59 352

29 8.75 1.30 367

48 5.13 11.47 322

119 4.19 14.34 174

167 3.02 16.93 142

Table 8. Required NaOH to achieve the targeted pH of the leach solution.

Leaching pH Required NaOH (mM)

6.10 0

10.10 47.5

11.50 125.0

12.00 175.0

12.80 293.0
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Example 9: Effect of Cu2+

[0093] It has been found that adding Cu2+ to glycine-peroxide system enhances gold dissolution. Figure 15 shows
how the presence of Cu2+ ions enhances gold dissolution in glycine-peroxide system, in a solution containing 0.1M
glycine, 1% H2O2, pH 11 at 30°C.
[0094] An additional test has been conducted to study the effect of Cu2+ ions on gold dissolution glycine-peroxide
system by increasing the leaching pH to 11.9 and peroxide concentration to 0.3%. The amounts of dissolved gold from
this system against leaching are shown in Figure 16. A comparison between the results of Figure 15 in the presence of
Cu2+ and Figure 16 indicates that increasing pH and peroxide enhances gold dissolution. The gold-glycine solution in
the presence of Cu2+ ions has been successfully loaded onto activated carbon.

Example 10: Effect of Pyrite

[0095] Gold ore bodies may contain different gangue minerals of different reactivity; one of the most reactive minerals
associated with gold is pyrite. To study the effect of pyrite, different amounts of pyrite minerals were added to the leach
solution prior to gold sheet addition. Figure 17 shows the effect of pyrite on gold dissolution in solutions containing pyrite
(FeS2). It is clear that gold dissolution in the presence of pyrite is lower than the measure in the absence of pyrite. The
decrease in gold dissolution may be attributed to the consumption of peroxide to oxidise pyrite, or catalytic decomposition
on the pyrite surface.

Example 11: Activity of recycled solution

[0096] Leaching tests were conducted using a recycled barren solution after gold and silver adsorption. A once or
twice recycled barren solution was used to leach pure gold sheet of 1cm width and 10 cm length. The results of these
tests are shown in Figure 18. It can be seen that the recycled leach solution leaches gold very effectively over time. The
results shown in Figure 18 illustrate that the leachant and process are robust in terms of reagent stability over time.

Example 12: Effect of solution aging

[0097] A solution of 1M of glycine and 1% of peroxide has been left 4 days at room temperature. After aging, gold was
added into the aged solution and samples were taken frequently and analysed for gold using ICP-OES. The results of
gold leaching in fresh and aged solutions are shown in Figure 19.
[0098] The results illustrate that gold dissolves faster with a higher leaching rate in the aged solution than the fresh
solution. Gold leach rate in aged solution and fresh solutions after 215 hours was 0.045 and 0.032 mmol/m2.s respectively.
Figure 20 shows the gold leach rate during 264 hours leaching in a solution containing 1M of glycine and 1% of peroxide.
It is interesting to see that gold leach rate increases over leaching time.

Example 13: pH and Eh over time

[0099] The electrochemical potential (Eh) and pH of the leach solution were measured over 19 days of leaching. Table
9 shows the values of pH and Eh over time for 456 hours of leaching. It can be seen that pH and Eh are reasonably
stable over this time, again indicating the reagent stability.

Table 9 pH and Eh over leaching time in solutions containing 1M glycine and 1% peroxide at 60 °C.

Time, hr pH Eh(mV)

3 9.3 -128

23 9.3 -117

48 9.25 -112

167 9.21 -117

215 9.24 -118

287 9.19 -115

384 9.18 -121

456 9.21 -115
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Example 14: Extended Leaching Time at 40 C.

[0100] In this experiment, a solution containing 1M of glycine, 1% of hydrogen peroxide and 5 mM Cu(II) has been
used at temperature of 40 °C. Pure metallic gold as gold foil of 36 cm2 surface area has been used in this example.
Figure 21 shows the amount of dissolved gold in solution (400mL) containing 1M of glycine, 1% of hydrogen peroxide
and 5 mM Cu(II). It can be seen that gold also dissolves at this condition in reasonable amounts.
[0101] The most interesting results from this example are that gold leach rate increases over time (most of the gold
leaching alternatives processes showed decreasing gold leach rate over time). These results reflect the robust stability
of the reagents in the leach solution. The experiment was left run for about 14 days (334 hours). Figure 21 shows the
amount of dissolved gold in leach solution over time and Figure 22 shows gold leaching rate in mg/cm2.day over the
whole period of leaching. In this robust system, solution pH did not change over 14 days leaching time and the Eh was
fluctuating between -50 mV to -40 mV.

Example 15: Adsorption of gold on activated carbon

[0102] Different amounts of activated carbon were added into the leach pregnant solutions from Examples 12 and 13.
Samples from different adsorption tests were taken at intervals and analysed by ICP-OES. The adsorbed gold on carbon
and the amounts of gold in solutions have been calculated and presented in Tables 10, 11, and 12.
[0103] The Kinetics of gold and silver adsorption onto activated carbon has also been evaluated by the determination
of the carbon activity constant using the following equation (3): 

[0104] Where:

delta [Au or Ag]c = change in [Au or Ag] on carbon from t=0 to t=t hours

[Au or Ag]s = [Au or Ag] in solution at t=t hours

n = an experimentally derived constant for the slope of the above equation.

k = an empirical rate constant at t=1 hour

r2 = the correlation coefficient of the above equation

[0105] As an example to show the activity of gold adsorption onto carbon, Figure 23 shows the plot of Log (Δ[Au]c/
[Au]s) against (Log t) for the data shown in Table 10.
[0106] The different adsorption experiments indicate that the leached gold using the process of the disclosure could
be adsorbed onto activated carbon at a similar rate as gold cyanide complexes.
[0107] It can also be seen from the data shown in Tables 11 and 12 that silver is slightly adsorbed on the activated
carbon and the presence of silver enhances gold loading on carbon.

Table 10 Adsorption of gold on activated carbon from pregnant solution after leaching for 456 hours (Solution volume 
350 mL).

Carbon dry weight 0.513g Loading (4hrs) = 6.2 Kg/t

log

Time min Time (hrs) [Au] mg/L Δ [Au]s Δ [Au]c [Au]c/[Au]s Log t [Au]c/[Au]s

0 0.0 15.5 0.000 0 0

30 0.5 11.6 3.882 2649 229 -0.301 2.359

60 1.0 9.96 5.504 3701 372 0.000 2.570

120 2.0 8.14 7.321 4852 596 0.301 2.775

240 4.0 6.47 8.993 5872 908 0.602 2.958
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Examples 16 to 21: Recovery of Copper

[0108] The following Examples 16 to 21 detail the recovery of copper from a copper-gold gravity concentrate. However,
it is to be understood that the process of the present disclosure is not limited to recovery of copper from copper-gold
concentrates, and can be also applied to the recovery of copper from other copper containing materials, such as copper
ore concentrates that do not contain gold.
[0109] A copper-gold gravity concentrate was produced from the cyclone underflow feeding into a batch centrifugal
gravity separator at a copper-gold plant in Western Australia. The gravity concentrate conveniently concentrated many
non-sulphide minerals of copper, and native copper, as well as sulphide minerals, with gold to provide a wide distribution
of copper mineralogy. The gravity concentrate sample was then ground using a disc mill and screened using 150 and
106 mm screens. The +150 mm was recycled back to the mill.
[0110] The particle size of the ground sample used in the leaching experiments was 100% -150mm and 80% -106
mm. The sample was sent for elemental analysis using acid digestion followed by solutions analysis for different metals
using inductively coupled plasma optical emission spectrometry (ICP-OES). The mineralogical compositions of the
gravity concentrate before and after leaching were analysed by an integrated automated mineralogy solution providing
quantitative analysis of minerals using quantitative evaluation of minerals by scanning electron microscopy (QEMSCAN)
technique.
[0111] All Examples were carried out using solutions prepared from analytical grade reagents and Millipore water.
Unless specified, all experiments are conducted using a bottle roller in accordance with conventional laboratory practice.
The concentrate and glycine solution were placed in a 2.5L Winchester bottle. The slurry was agitated by rolling the
bottle on a bottle roll at 150 rpm. Bottles were vented to allow for oxygen transfer, ensuring that a lack of oxygen did not
limit the reaction rate.
[0112] At different times, samples of the leach solution were obtained using a syringe-membrane filter (pore size 0.45
mm). The filtrates were analysed for copper and iron by using atomic adsorption spectroscopy. The trace elements were
analysed using inductively coupled plasma optical emission spectrometry (ICP-OES). The elemental analysis of residue

Table 11 Adsorption of gold on activated carbon from pregnant solution after leaching gold/silver alloys for 168 hours 
(Solution volume 380 mL).

Carbon dry weight 0.816g Loading (4hrs) = 10.5 Kg/t

log

Time (min) Time (hrs) [Au] mg/L Δ [Au]s Δ [Au]c [Au]c/[Au]s Log t [Au]c/[Au]s

0 0.00 32.54 0.000 0 0

30 0.50 24.33 8.210 3823 157 -0.301 2.196

96 1.60 15.87 16.670 7763 489 0.204 2.689

180 3.00 11.55 20.990 9775 846 0.477 2.928

240 4.00 9.78 22.760 10599 1084 0.602 3.035

Table 12 Adsorption of silver on activated carbon from pregnant solution after leaching gold/silver alloys for 168 hours 
(Solution volume 380 mL).

Carbon dry weight 0.816g Loading (4hrs) = 1.54 Kg/t

Time (min) Time (hrs) [Ag] mg/L Δ [Ag]s Δ [Ag]c [Ag]c/[Ag]
s

Log t log[Ag]c/
[Ag]s

0 0.00 59.51 0.000 0 0

30 0.50 56.32 3.190 1454 26 -0.301 1.412

96 1.60 54.33 5.180 2361 43 0.204 1.638

180 3.00 52.43 7.080 3228 62 0.477 1.789

240 4.00 51.59 7.920 3611 70 0.602 1.845
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was conducted using acid digestion followed by ICP-OES analysis.
[0113] From the data shown in Table 13, it can be seen that of the common copper minerals, chalcopyrite (CuFeS2)
is the least soluble in cyanide and other copper oxides and native copper show high solubility in cyanide solutions.

[0114] Table 14 shows the elemental analysis of the copper-gold concentrate used in Examples 16 to 21. The copper-
gold concentrate has 3.75% Cu distributed amongst a range of copper minerals, including native copper.

Example 16: Two-Stage Leaching

[0115] The experiments showed that 98% of Cu was extracted in 48 hours in a two stage leach under the following
conditions: 0.3 M Glycine, 1% H2O2, pH 11.0, 23 °C and 16% (% w/v) pulp density. The mineralogical compositions of
the copper-gold concentrate before and after leaching were analysed by QEMSCAN are shown in Table 15. Fig. 24
shows also the mass percentages for each copper mineral in the concentrate before and after leaching. The results
presented in Fig. 24 show that 100% of the metallic copper and sulfide copper minerals, such as bornite and chalcoc-
ite/digenite, were dissolved. About 80% of chalcopyrite was dissolved. QEMScan analysis of the residue showed that
the unleached chalcopyrite occurred as liberated particles in the largest size fraction.

Table 13: Solubility of Cu Minerals in 1% NaCN Solution

Mineral Formula %Copper dissolved

Azurite 2Cu(CO)3.Cu(OH)2 94.5

Malachite 2CuCO3(OH)2 90.2

Chalcocite Cu2S 90.2

Covellite CuS 95.6

Chalcopyrite CuFeS2 5.60

Native Copper Cu 90.0

Cuprite Cu2O 85.5

Bornite FeS.2Cu2S 70.0

Enargite Cu3AsS4 65.8

Tetrahedrite (Cu.Fe.Ag.Zn) 12Sb4S13 21.9

Chrysocolla CuSiO3.(nH2O) 11.8

Table 14: Elemental analysis of the copper-gold concentrate

Concentration (%)

Sample ID Au Ag Cu As Fe Si Ni Al K Co Pb S

Cone. 0.213 0.03 3.75 0.76 11.6 27.0 0.06 2.0 0.69 0.34 0.12 11.4

Table 15: The mineralogical analysis of copper and gangue minerals in the concentrate before and after leaching 
(Leaching conditions: 0.3M Glycine, 1% H2O2, pH 11, room temperature)

Bulk Mineralogy, Mass%

Mineral Before Leaching After leaching

Chalcocite/digenite 1.46 0.01

Cu-metal 1.30 0.00

Cuprite 0.88 0.00

Chalcopyrite 0.71 0.15

Bornite 0.27 0.02

Covellite 0.18 0.12
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[0116] Table 16 presents the percentage of each copper mineral dissolved after leaching in glycine solution. The
presence of covellite (CuS) in the final residue may be attributed to the re-precipitation of copper during leaching according
to Eq. (2). The formation of covellite (CuS) during the leaching of copper sulfide minerals, such as chalcopyrite, has
been identified by some studies. It can be concluded that covellite dissolves in the leach solutions and re-precipitates
by the reaction of copper with either sulfur or sulfide during the leaching.

Cu + S0 → CuS

or

Cu2S → CuS + Cu2+ + 2e- (4)

[0117] Fig. 25 shows the schematic diagram of a conceptual two-stage counter-current copper leach circuit, indicated
generally by reference numeral 10. In order to achieve a high copper dissolution, the leaching can be conducted in two
stages 12, 14 (such as by using two leaching reactors) with identical leaching conditions in each stage. At the steady

(continued)

Bulk Mineralogy, Mass%

Mineral Before Leaching After leaching

Exotic complex Cu-sulphides 0.09 0.00

Cu boundaries 0.34 0.02

Pyrite 28.55 32.33

Pyrrhotite 0.35 0.20

Arsenopyrite 0.01 0.00

Quartz 48.49 51.28

Feldpars 5.32 5.59

Calcite 0.12 0.10

Dolomite 0.09 0.11

Ankerite/Dolomite 0.78 0.61

Rutile/Anatase/Ilmenite 0.52 0.75

Hematite 0.69 1.71

Goethite 2.72 2.21

Other 7.16 4.75

Table 16: The observed dissolution of copper minerals in 0.3 M glycine solution at room temperature, 1% H2O2, pH 11.

Mineral Cu dissolution, %

Chalcocite/digenite 100

Cu-metal 100

Cuprite 100

Chalcopyrite 80

Bornite 92

Covellite 19

Exotic complex Cu-sulphides 99

Cu boundaries 95
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state, fresh Cu-Au concentrate 16 will feed the first stage 12 and fresh (make up) leaching solution 18 will feed the
second stage 14. The leached slurry exiting stage 12 is subjected to a first solid/liquid separation, 20, to produce a first
copper pregnant leach solution, 22, and solid leach residue, 24. The residue 24 is fed to the second leach stage 14. The
leached slurry exiting the second leach stage 14 is subjected to a second solid/liquid separation, 32, to produce the gold
concentrate, 34 and a second copper PLS, 36. The second PLS is recycled to the first leach stage 12 as leach solution.
The copper containing pregnant leach solution, 22, is subjected to electrowinning, 26, and recovery of copper, 28. The
barren solution 30 from the electrowinning step 26 is recycled as process solution for the second leach stage 14. Table
18 shows the copper and other impurities concentrations in the final leach solution from stages 1 and 2.

[0118] About 98% of copper was leached using 0.3 mol/L glycine at room temperature with only about 12 mg/L Fe,
16 mg/L Pb and low impurities concentration transferred into the pregnant solution. It appears that iron does not dissolve
significantly in the alkaline glycine solutions.
[0119] Fig. 26 shows the copper dissolution as a function of time after leaching in two stages. It can be seen that more
than 98% of copper has been dissolved. It can also be observed that, after 5 hours leaching, copper extraction is about
66% of copper and this initial rapid dissolution of copper is due to the presence of the highly soluble cuprite and metallic
copper in the concentrate.

Example 17: Single Stage Leaching

[0120] In this section, leaching of a copper-gold concentrate is performed in a single stage by increasing glycine
concentration from 0.3 M to 0.4 M and extending the leaching time to 96 hours. Fig. 27 shows the mass percent of the
copper minerals analysed by QEMSCAN before and after leaching for a comparison. From the copper concentration in
the final leach solution, and copper in the final residue, the copper extraction was 82%. From the results shown in Fig.
27, it is apparent that 100% of chalcocite, cuprite, metallic copper, and only 50% of chalcopyrite have been dissolved.
It is interesting to observe that, as shown in Fig. 27, copper has been re-precipitated as a covellite (CuS) or as very fine
copper either adsorbed on clays or incorporated in the silicates (Cu-boundaries).

Example 18: Effect of pH

[0121] The effect of leaching solution pH on copper dissolution is shown in Fig. 28. It can be seen the initial copper
dissolution at lower pH (pH 8.0) is higher than the dissolution at pH 10 and 11.5. However, by extending the leaching
time it was found that the copper dissolution increases at more alkaline pH (eg, pH 11.5). From the results shown in Fig.
28, it can be observed that copper dissolution slightly increases by increasing the leaching pH from pH 10 to pH 11.5.

Example 19: Effect of Peroxide

[0122] To study the effect of using peroxide as an oxidant on copper leaching in glycine solution, 0%, 1% and 2% of
peroxide were added to 0.3M glycine solution at room temperature. The results shown in Fig. 29 show that peroxide
slightly increases copper dissolution.
[0123] The most interesting result here is that copper extraction reaches up to 75% in a solution containing only glycine
(no peroxide) on a vented bottle roll that allows enough oxygen transfer from surrounding air.

Example 20: Effect of Pulp density

[0124] To study the effect of pulp density on copper leaching in glycine solution, 10, 16 and 20% pulp densities were
used. The effect of pulp density on copper dissolution is shown in Fig. 30. Increasing the pulp density from 10% to 20%
decreases the copper extraction by about 10%. It is believed that the decrease of copper extraction at a higher pulp
density can be attributed principally to the efficiency of oxygen transfer to the leach solution.

Table 17: Copper and impurities concentrations in stage 1 and 2 final leach solutions

Concentration (mg/L)

Sample ID Cu Au As S Fe Si Ni Co Pb K Mg Ca

STAGE1 4745 0.85 24.7 185 12.1 9.14 5.21 3.14 16.4 14.8 14.4 25.1

STAGE2 1069 1.28 29.4 146 6.69 6.45 4.34 2.27 10.2 9.2 2.99 14.1
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Example 21: Effect of Glycine Concentration

[0125] The effect of glycine concentration on the copper dissolution is shown in Fig. 31. It is clear that by increasing
the glycine concentration, the copper extraction slightly increases. It can be generally reported that copper dissolution
depends on the concentration of glycine in the glycine-peroxide solutions.

Claims

1. A process for recovery of metal comprising copper and/or a precious metal from a metal containing material, including
the steps of:

• leaching the metal containing material with an alkaline solution having a pH of at least 9 and containing a
lixiviant comprising an amino acid or derivative thereof to produce a metal containing leachate; and
• extracting the metal from the leachate,
wherein the amino acid comprises glycine at a concentration of at least 0.01 M.

2. The process of claim 1, wherein the metal comprises a precious metal and the leaching step comprises leaching a
precious metal containing material with an alkaline solution containing the amino acid or derivative thereof and an
oxidant at an elevated temperature to produce a precious metal containing leachate.

3. The process of claim 2, wherein the oxidant is oxygen-containing, such as a peroxide, manganese dioxide, or an
oxygen containing gas.

4. The process of claim 3, wherein the oxidant is hydrogen peroxide and the amount of hydrogen peroxide in solution
is at least 0.005wt%, such as 0.5wt% or greater, and is preferably a maximum of 5wt%, such as a maximum of 1%.

5. The process of any one of claims 2 to 4, wherein the solution further includes a leaching catalyst comprising cupric
(copper(II)) species which is preferably present in a concentration of at least 1 mM and more preferably up to 10 mM.

6. The process of claim 1, wherein the leaching is conducted at ambient temperature.

7. The process of any one of claims 2 to 5, wherein the process is conducted at an elevated temperature, preferably
at least 30 °C, such as at least 40 °C.

8. The process of any preceding claim, wherein the amino acid derivative comprises a peptide, such as a di- or tri-
peptide.

9. The process of any preceding claim, wherein the concentration of amino acid in the leaching solution is a maximum
of 2 M.

10. The process of any preceding claim, wherein the pH is within a range from 9 to 13 and is preferably above 10.

11. A differential leaching process for recovery of copper and precious metal from a copper and precious metal containing
material, including the steps of:

leaching the copper and precious metal containing material with an alkaline solution having a pH of at least 9
and containing a lixiviant comprising glycine or derivative thereof under first conditions comprising ambient
temperature and/or the absence of an oxidant to produce a copper containing leachate and precious metal
containing residue; leaching the precious metal containing residue with an alkaline solution having a pH of at
least 9 and containing a lixiviant comprising glycine or derivative thereof under second conditions comprising
elevated temperature and/or the presence of an oxidant to produce a precious metal containing leachate;
extracting the copper from the copper containing leachate; and
extracting the precious metal from the precious metal containing leachate.
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Patentansprüche

1. Verfahren zur Rückgewinnung von Metall, das Kupfer und/oder ein Edelmetall enthält, aus einem metallhaltigen
Material, umfassend die Schritte:

• Auslaugen des metallhaltigen Materials mit einer alkalischen Lösung, die einen pH-Wert von mindestens 9
aufweist und ein Auslaugmittel enthält, welches eine Aminosäure oder ein Derivat davon umfasst, um eine
metallhaltige Auslaugung herzustellen; und
• Extraktion des Metalls aus der Auslaugung,
wobei die Aminosäure Glycin in einer Konzentration von mindestens 0,01 M umfasst.

2. Verfahren nach Anspruch 1, wobei das Metall ein Edelmetall umfasst und der Auslaugschritt das Auslaugen eines
edelmetallhaltigen Materials mit einer alkalischen Lösung, welche die Aminosäure oder ein Derivat davon und ein
Oxidationsmittel enthält, bei einer erhöhten Temperatur umfasst, um eine edelmetallhaltige Auslaugung herzustellen.

3. Verfahren nach Anspruch 2, wobei das Oxidationsmittel sauerstoffhaltig ist, wie z. B. ein Peroxid, Mangandioxid
oder ein sauerstoffhaltiges Gas.

4. Verfahren nach Anspruch 3, wobei das Oxidationsmittel Wasserstoffperoxid ist und die Menge an Wasserstoffperoxid
in Lösung mindestens 0,005 Gew.-%, wie z. B. 0,5 Gew.-% oder mehr, beträgt und vorzugsweise maximal 5 Gew.-
%, wie z. B. maximal 1%, beträgt.

5. Verfahren nach einem der Ansprüche 2 bis 4, wobei die Lösung ferner einen Laugungskatalysator enthält, der
kupferhaltige (Kupfer-(II)-) Spezies umfasst, die vorzugsweise in einer Konzentration von mindestens 1mM und
stärker bevorzugt bis zu 10 mM vorhanden ist.

6. Verfahren nach Anspruch 1, wobei das Auslaugen bei Umgebungstemperatur durchgeführt wird.

7. Verfahren nach einem der Ansprüche 2 bis 5, wobei das Verfahren bei einer erhöhten Temperatur, vorzugsweise
mindestens 30°C, wie z. B. mindestens 40°C, durchgeführt wird.

8. Verfahren nach einem der vorhergehenden Ansprüche, wobei das Aminosäurederivat ein Peptid, wie z. B. ein Di-
oder Tripeptid, umfasst.

9. Verfahren nach einem der vorhergehenden Ansprüche, wobei die Aminosäurekonzentration in der Laugungslösung
maximal 2 M beträgt.

10. Verfahren nach einem der vorhergehenden Ansprüche, wobei der pH-Wert im Bereich von 9 bis 13 liegt und vor-
zugsweise über 10 liegt.

11. Differenzielles Auslaugungsverfahren zur Rückgewinnung von Kupfer und Edelmetall aus einem kupfer- und edel-
metallhaltigen Material, umfassend die Schritte:

Auslaugen des kupfer- und edelmetallhaltigen Materials mit einer alkalischen Lösung, die einen pH-Wert von
mindestens 9 aufweist und ein Auslaugmittel enthält, welches Glycin oder ein Derivat davon umfasst, unter
ersten Bedingungen umfassend Umgebungstemperatur und/oder die Abwesenheit eines Oxidationsmittels, um
eine kupferhaltige Auslaugung und einen edelmetallhaltigen Rückstand herzustellen;
Auslaugen des edelmetallhaltigen Rückstands mit einer alkalischen Lösung, die einen pH-Wert von mindestens
9 aufweist und ein Auslaugmittel enthält, welches Glycin oder ein Derivat davon umfasst, unter zweiten Bedin-
gungen umfassend erhöhte Temperatur und/oder die Anwesenheit eines Oxidationsmittels, um eine edelme-
tallhaltige Auslaugung herzustellen;
Extrahieren des Kupfers aus der kupferhaltigen Auslaugung; und
Extrahieren des Edelmetalls aus der edelmetallhaltigen Auslaugung.

Revendications

1. Procédé pour la récupération de métal comprenant du cuivre et/ou un métal précieux à partir d’un matériau contenant
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du métal, comprenant les étapes consistant à :

• lixivier le matériau contenant du métal au moyen d’une solution alcaline présentant un pH d’au moins 9 et
contenant un lixiviant comprenant un acide aminé ou un dérivé de celui-ci en vue de produire un lixiviat contenant
du métal ; et
• extraire le métal à partir du lixiviat,

dans lequel l’acide aminé comprend de la glycine à une concentration d’au moins 0,01 M.

2. Procédé selon la revendication 1, dans lequel le métal comprend un métal précieux et l’étape de lixiviation comprend
la lixiviation d’un matériau contenant un métal précieux avec une solution alcaline contenant l’acide aminé ou un
dérivé de celui-ci et un oxydant à une température élevée pour produire un lixiviat contenant un métal précieux.

3. Procédé selon la revendication 2, dans lequel l’oxydant contient de l’oxygène, tel qu’un peroxyde, du dioxyde de
manganèse, ou un gaz contenant de l’oxygène.

4. Procédé selon la revendication 3, dans lequel l’oxydant est le peroxyde d’hydrogène et la quantité de peroxyde
d’hydrogène en solution est d’au moins 0,005 % en poids, de préférence d’au moins 0,5 % en poids, et est de
préférence d’un maximum de 5 % en poids, de préférence d’un maximum de 1%.

5. Procédé selon l’une quelconque des revendications 2 à 4, dans lequel la solution comprend en outre un catalyseur
de lixiviation comprenant une espèce cuivrique (cuivre(II)) qui est de préférence présente à une concentration d’au
moins 1mM et de manière plus préférée jusqu’à 10 mM.

6. Procédé selon la revendication 1, dans lequel la lixiviation est mis en œuvre à température ambiante.

7. Procédé selon l’une quelconque des revendications 2 à 5, dans lequel le procédé est mis en œuvre à une température
élevée, de préférence d’au moins 30°C, par exemple d’au moins 40°C.

8. Procédé selon l’une quelconque des revendications précédentes, dans lequel le dérivé d’acide aminé comprend
un peptide, tel qu’un di- ou tri-peptide.

9. Procédé selon l’une quelconque des revendications précédentes, dans lequel la concentration en acide aminé dans
la solution de lixiviation est au maximum de 2 M.

10. Procédé selon l’une quelconque des revendications précédentes, dans lequel le pH est dans une plage de 9 à 13
et est de préférence supérieur à 10.

11. Procédé de lixiviation différentielle pour la récupération de cuivre et de métal précieux à partir d’un matériau contenant
du cuivre et du métal précieux, comprenant les étapes consistant à :

lixivier le matériau contenant le cuivre et du métal précieux au moyen d’une solution alcaline présentant un pH
d’au moins 9 et contenant un lixiviant comprenant de la glycine ou un dérivé de celle-ci dans des premières
conditions comprenant la température ambiante et/ou l’absence d’un oxydant en vue de produire un lixiviat
contenant du cuivre et un résidu contenant un métal précieux ;
lixivier le résidu contenant du métal précieux au moyen d’une solution alcaline présentant un pH d’au moins 9
et contenant un lixiviant comprenant de la glycine ou un dérivé de celle-ci dans des secondes conditions
comprenant une température élevée et/ou la présence d’un oxydant en vue de produire un lixiviat contenant
un métal précieux ;
extraire le cuivre à partir du lixiviat contenant du cuivre ; et
extraire le métal précieux à partir du lixiviat contenant un métal précieux.



EP 3 041 964 B1

23



EP 3 041 964 B1

24



EP 3 041 964 B1

25



EP 3 041 964 B1

26



EP 3 041 964 B1

27



EP 3 041 964 B1

28



EP 3 041 964 B1

29



EP 3 041 964 B1

30



EP 3 041 964 B1

31



EP 3 041 964 B1

32



EP 3 041 964 B1

33



EP 3 041 964 B1

34



EP 3 041 964 B1

35



EP 3 041 964 B1

36



EP 3 041 964 B1

37



EP 3 041 964 B1

38



EP 3 041 964 B1

39

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• WO 2010121317 A1 [0011]
• CA 2648491 A1 [0012]

• US 3865580 A,  Copper [0013]

Non-patent literature cited in the description

• FENG, D. et al. The role of amino acids in the thio-
sulphate leaching of gold. MINERALS ENGINEER-
ING, 12 April 2011, vol. 24 (9), 1022-1024 [0010]


	bibliography
	description
	claims
	drawings
	cited references

